SUMMARY The responses to vancomycin and 11 other antibacterial drugs and the nutritional requirements of gonococci recovered from two selective media were determined. Single urogenital specimens from 508 patients attending a social hygiene clinic in 1975 yielded 97 strains of Neisseria gonorrhoeae; 95 were recovered on VCNT (a modification of Thayer-Martin medium), always inoculated first, and 69 on LC medium containing lincomycin (4 l.g/ml) and colistin (5 Mg/ml).
Introduction
Neisseria gonorrhoeae is an evolving species.1 Strains isolated in the 1970s from different patients showed antigenic and nutritional differences and broad ranges of susceptibilities to various antibacterial drugs. Gonococci were uniquely susceptible to penicillin during the pre-penicillin era. Before 1945 the difference between the concentrations of penicillin required to inhibit the most susceptible and the least susceptible strains was no more than 10-fold.2-4 A wider range of susceptibility occurred in gonococci isolated in 1949. 5 Resistance to penicillin increased worldwide during the 1950s and 1960s and necessitated progressively larger doses of penicillin for the treatment of gonorrhoea.6-" Penicillin resistance was often correlated with increased resistance to various other antibiotics. 10-14 While in some areas the trend towards increased resistance continued, in others the prevalence of gonococci resistant to one or more drugs, such as penicillin, '4 15 streptomycin, 16 and tetracycline,' 7 notably decreased.
Furthermore, some gonococci have shown unusual degrees of susceptibility to various antibacterial compounds'8 including vancomycin. 15 1927 On vancomycin-containing selective media, such as that of Thayer and Martin,28 gonococci which are highly susceptible to vancomycin are inhibited. Nevertheless, the ability of marginally susceptible strains to form colonies on the primary culture medium is dependent on inoculum size'5 25-27 and on the physiological state of the bacteria. 24 When the diagnosis is not established patients with asymptomatic gonorrhoea may remain untreated, risking the development of complications. Moreover, a Danish study '5 showed that continued transmission of vancomycin-hypersusceptible gonococci led to an increased percentage of such strains isolated in 1971 compared with 1969.
Gonococcal strains isolated in different communities not only show differences in their drug responses but also in their auxotypes. In Stockholm29 and in Des Moines and Seattle, USA,30 more than half of the N gonorrhoeae isolates had growth requirements for arginine (Arg), hypoxanthine (Hyx), and uracil (Ura), and possibly other compounds. Nevertheless, Arg-Hyx-Ura strains represented between only 6% and 25qo of the isolates in nine other cities in the USA,3S32 in Hamilton, Canada,33 and Strasbourg, France.34 Arg-Hyx-Ura strains are remarkably susceptible to penicillin and some other drugs.27 This finding, together with the correlation between high susceptibility to penicillin and to vancomycin, '5 27 indicates that the vancomycin susceptibility and nutritional requirements of gonococci should be monitored in various communities.
In the present study 508 urogenital specimens, obtained in sequence from clinic patients, were cultured on two different selective media. All N gonorrhoeae isolates were examined for their nutritional requirements and levels of resistance to 12 antibacterial drugs with various mechanisms of action. In addition, tests were performed on six gonococcal strains found to be hypersusceptible to vancomycin when isolated in Copenhagen.'5 We used similar media and methods in this and the accompanying study4 of gonococci recovered from patients in the pre-penicillin era. Accordingly, detailed comparisons of strains of Ngonorrhoeae isolated 30 to 40 y,ears apart were possible.
Patients and methods

SELECTIVE MEDIA
VCNT, a modification of Thayer-Martin medium,28 contained vancomycin (3 pg/ml), colistin (7 5 JAg/ml), nystatin (12 5 units/ml), and trimethoprim (5 gg/ml); this medium was supplied by Gibco Diagnostics, Madison, Wisconsin. LC medium contained lincomycin hydrochloride (Upjohn Co) and colistin (sodium colistimethate, Warner-Chilcott Laboratories) added to GCMBS in concentrations of 4 lAg/ml and 5 lAg/ml respectively. GCMBS was composed of .GC medium base (Difco) with the Clinic. Each specimen, collected with a cotton swab, was rolled in a "Z" pattern on the surfaces of plates of VCNT medium (always inoculated first) and LC medium. The media were cross-streaked with a bacteriological loop and promptly incubated at 35°C in an atmosphere of air plus CO2 generated by a candle flame burning to extinction. After incubation for up to 48 hours the sets of primary cultures were processed independently, the VCNT cultures by health department bacteriologists and the LC cultures by two postgraduate students.
IDENTIFICATION OF GONOCOCCI
One or more isolates from 89 cervical specimens and from eight urethral specimens were confirmed as N gonorrhoeae by typical cellular and colonial morphology, positive oxidase reaction, production of acid from dextrose but not from maltose or sucrose, inability to hydrolyse o-nitrophenyl-P-Dgalactopyranoside, and by a growth requirement for cysteine (or cystine). These gonococci were preserved at -600C and designated by numbers and the prefix SV(when isolated from VCNT medium) or SL (from LC medium). The 97 SV and SL strains are the same 97 anogenital isolates given in the table in a previous report36 for comparison with oropharyngeal isolates.
AUXOTYPI NG
The auxotypes of all SV and SL isolates were determined by their growth responses on standard Neisseria defined agar (NEDA) medium, which contained soluble starch 0 I%o (w/v). The methods for preparing the media and the standardised gonococcal suspensions have been described.3537 All media were inoculated with between 103 and 104 colony-forming units delivered by the S'teers replicaplating apparatus and incubated at 360C in an atmosphere of air plus 8% CO2.37 The 24 strains exhibited nutritional requirements that included arginine, hypoxanthine, and uracil. The recovery percentages may have been affected by differences between the growthpromoting characteristics of the haemoglobincontaining basal medium used for VCNT and the GCMBS medium used for LC cultures. Also, a greater amount of contaminating growth has been found on media in which lincomycin was substituted for vancomycin23; contaminant colonies tend to obscure the small colonies typical of Arg-Hyx-Ura gonococci. Furthermore, specimens from some women with asymptomatic gonorrhoea may have contained too few gonococci to permit recovery from the LC medium which, according to the protocol, was always inoculated after the VCNT medium.
Auxotyping and susceptibility tests were performed on the paired VCNT Although other studies have shown that a patient may harbour two distinct strains of N gonorrhoeae,32 only one possible instance was evident from the findings on the VCNT and LC cultures. An endocervical specimen (S260) yielded two isolates, both of which were characterised as Pro and resistant to benzylpenicillin at 0' 1 U/ml. Nevertheless, these isolates differed consistently in repeated tests of resistance to streptomycin (5 and >500 Mg/ml), chloramphenicol (1 0 and 0'2 Jg/ml), rifampin (0'02 and 0' 1 g/ml), and vancomycin (25 and 10 ,Ag/ml). Only the resistances of the streptomycinsusceptible strain are given in table II and figs 1 and 2. The gonococcal responses to 11 of the 12 antibacterial drugs are summarised (table II, figs 1 and 2) for the two SL isolates not recovered on VCNT medium and for the 95 SV isolates. These were chosen for the sake of uniformity and because the related pairs of isolates did not differ significantly in most cases.
Vancomycin
Gonococci isolated from three specimens plated on VCNT medium unexpectedly failed to grow when assayed on GCMBS containing vancomycin at 3 j*g/ml, the concentration in VCNT medium. In repeated tests strains SV6, SV12, and SV77 were resistant to vancomycin at 1* 0 pg/ml but susceptible at 3 0 jAg/ml (tables II and III). SV75 also failed to grow on vancomycin at 3 0 pg/ml in some tests, but since in others it gave sparse growth SV/75 was given as resistant to 3 0 ,ug/ml. The remaining 93 strains, whether isolated on LC or on VCNT medium, were resistant to vancomycin at concentrations >5 lAg/ml. 
Benzylpenicillin and oxacillin
The gonococci were more susceptible to benzylpenicillin than to oxacillin, as others have found.'0 12 The range of resistance to benzylpenicillin of all ArgHyx-Ura strains was from 0 0025 to 0'01 U/ml (0' 0015 to 0' 006 Mg/ml), whereas their resistance to oxacillin ranged from 0 1 to 0 5 Mg/ml (fig 1) . These strains and eight others not in the Zero, Pro, or Arg auxotypes are indicated by stars in figs 1 and 2. Three with requirements that included hypoxanthine, but not uracil, were resistant to benzylpenicillin at concentrations of 0'01 U/ml (Hyx, two strains) and 0'0025 U/ml (Pro-Hyx) and to oxacillin at 0 2, 0' 1, and 0'05 j.g/ml. Representatives -s, fig 1) were much less resistant (.0' 1 Mg/ml).
The penicillin resistance of some strains was examined on GCMBS medium and on the starchfree, haemoglobin-containing medium. The benzylpenicillin resistance of strains SV503, SV75, and SV12 on GCMBS (table III) was 0'01 U/ml compared with 0' 005 U/ml for the same strains tested on the starch-free medium (fig 1) . Similarly, the resistance of strains SV6 and SV77 was 0'05 U/ml on GCMBS and 0-01 U/ml on the starch-free medium.
Rifampin and erythromycin A positive correlation was found between the activities of rifampin and erythromycin (fig 2) 12 14; strains SV407 (Zero) and SV300 (Pro) had the highest resistances to erythromycin (1 0 Mg/ml) and their resistances to other drugs were: rifampin, 0-2 and 0-05 pg/ml; benzylpenicillin, 0 5 and 0 7 U/ml; oxacillin, 5 and 10 gg/ml; tetracycline, 0 5 and 1 0 Mg/ml; chloramphenicol, 2 0 and 4 0 .g/ml; and nalidixic acid, 1 SV407 and SV300 had sulphadiazine resistances of 5 and 10 *g/ml respectively. Increased resistance to sulphadiazine was related to a requirement for methionine in gonococcal isolates in the sulphonamide era.4 In the present study, however, the one methionine-requiring strain was resistant only to 5 jAg sulphadiazine/ml.
CHARACTERISTICS OF VANCOMYCIN-SUSCEPT-IBLE GONOCOCCI
A group of 125 strains of Ngonorrhoeae inhibited by vancomycin at a concentration of 2 *g/ml and susceptible to low concentrations of penicillin, streptomycin, and tetracycline were isolated from Danish patients.'5 Six of these strains, which were isolated over three years, were kindly provided by Alice Reyn. All six consistently failed to grow on GCMBS medium containing vancomycin at 0 5 Jg/ml but were resistant to 0-2 Jg/ml (table III) . They all had the same pattern of requirements for arginine (not satisfied by ornithine), hypoxanthine, and uracil and hypersusceptibility to erythromycin and rifampin. The resistance of three other Arg°-Hyx-Ura strains and a Zero auxotype strain, SS41835/43, are included in table III for comparison. SS41835/43 presumably bears antibiotic response loci representative of "wild type" since it was isolated in 1943 during the pre-penicillin era. 4 Sparling and his colleagues'8 39 identified pleiotropic chromosomal mutations (of envA and envB) that result in non-specific increased sensitivity to hydrophilic antibiotics, such as erythromycin (MIC <0 12 Jg/ml), rifampin, and fusidic acid, and to dyes and detergents. The env mutations also produced complete phenotypic suppression of mtr (multiple resistance) and penB (two loci encoding low-level resistances to multiple drugs) as well as decreased cross-linking of peptidoglycan in the cell wall. These genetic studies'8 39 40 did not, however, examine the possible influence of env mutations on vancomycin susceptibility. The responses of the WHO reference strain III (table III) show that hypersusceptibility to erythromycin and rifampin may be associated with a typical level of resistance to vancomycin.
To determine whether the mutant gene locus responsible for vancomycin hypersusceptibility also affected the responses to erythromycin and rifampin, we treated populations of the wild-type strain SS41835/43 with transforming DNA from the vancomycin-hypersusceptible strain SS158936/69. Four transformants derived in separate experiments were converted to vancomycin-hypersusceptibility and concurrently each became more susceptible to erythromycin and rifampin. We examined gonococcal responses to the two penicillins because of the possibility that an envelope alteration in a strain typically susceptible to benzylpenicillin might be detected by an unusual susceptibility to the bulky oxacillin molecule. SV75 and SV12 were notable for their relatively similar susceptibilities to benzylpenicillin (0 01 U/ml, equivalent to 0 006 Ag/ml) and to oxacillin (001 jAg/ml). In contrast, the six Arg°-Hyx-Ura strains with correlated hypersusceptibilities displayed substantially greater resistance to oxacillin than to benzylpenicillin. The variety of hypersusceptibility patterns given here suggests that increased susceptibilities as well as increased resistances to multiple drugs are consequences of the co-operative actions of multiple mutant gene loci.
The SV strains 6, 12 , and 77 were recovered from VCNT medium although subsequent tests found that these three, together with two corresponding isolates from LC medium (SL 12 and SL 77), were repeatedly inhibited by vancomycin incorporated in GCMBS medium at a concentration of 3 ,g/ml. This unexpected finding, also reported by others,26 might be explained by differences between the basal media or the inoculum size. Nevertheless, we also considered that the activity of the vancomycin may have declined during refrigeration of the VCNT 
